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This paper examines the effect of the “search prooess”, “density-dependence“ reviewing the
Nicholson-Bailey prey-predator model. This paper $\infty nsiders$ the difference between the Nicholson-Bailcy
model and the familier Lotka-Volterra model.
This paper examines the $eff\propto t$ of the different time scale in Nicholson-Bailey Model. The original
model is unstable for all parameter values. This paper shows that coexistence steady state can be
stable with the different time scale in our model. This paper examines “indirect effect“ using the
three species model, Cascading form, under the press perturbation.
It is known to ”Slaving Principle”, slow variable controls fast variable. This paper examines the
difference of it is realized or not.
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$X_{t}$ $t$ , ( A) (Nicholson
and Bailey [16], [10]).
$X_{\ell+1}$ $=$ $fX_{t}\exp[-aY_{t}]$ (2.1a)
$Y_{t+1}$ $=$ $\epsilon X_{t}(1-\exp[-aY_{t}])$ (2.1b)
$f$ , .
$\exp$ $[-aY_{t}]$ . , 1
, $aY_{t}$ Poi8son . $a$ . $\epsilon$
.
(2.1) $x_{\iota+1}=X_{t}=X^{*},$ $Y_{t+1}=Y_{t}=Y^{*}$
, , 2 . $Ro=(0,0),$ $E++=$
$( \frac{f\log f}{a\epsilon(f-1)},$ $\frac{\log f}{a})$ .
$E++$ . $f>1$ , ,
1 . ,
, , . , $X$
, $Y$ 2.
2 Loth-Volterra $-$ .






, . , .
, 1 Poisson .
Hassel and May [4] , 1
3.
2 May [15]( F) ,
.
(2.1) 1 Poisson
, . , 1
, .
. 1
. , May [15]
2 , .
$X_{t+1}$ $=$ $fX_{t}(1+ \frac{aY_{t}}{k})^{-k}$ (2.2a)
$Y_{t+1}$ $=$ $X_{t} \{1-(1+\frac{aY_{t}}{k})^{-k}\}$ (2.2b)
$(1+ \frac{aY_{t}}{k})^{-k}$ , , $1 \frac{1}{k}$ ,
$aY_{t}$ 2 . $arrow 0$
$X$ , $Y$ , 6:, $a_{||},$ $b_{jj}$ . ,
, . [19] .
$S$ Ni&Ol\infty n-Bailey*\neq $\ovalbox{\tt\small REJECT}$(A) . Lotl -Volterra
. [19] $\mathfrak{l}h8Mu\not\leq$ , ,
.
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(2.2) , , 2 . $E00$
$=(0,0),$ $E++=( \frac{k(f^{-k}-1)}{a(1-f^{2k})}$ , $\frac{k(f^{-k}-1)}{a})$ . ,






(2.1a) $f$ $f\exp[-bX_{t}]$ .
, Beddington et at. [1] . Beddington et al. [1]
, ( 1 ). Kon and Takeuchi $|12$]
. 3 .
(2.1) .
$X_{t+1}$ $=$ $fX_{t}\exp[-bX_{t}]\exp[-aY_{t}]$ (2.3a)
$Y_{t+1}$ $=$ $\epsilon(1-\exp[-aY_{t}])X_{t}$ (2.3b)
$\exp[-bX_{t}]$ , $b$ .
1: : (X), : (Y)
3 . $Ro=(0,0),$ $E+0=( \frac{\log f}{b},$ $0),$ $E++=(X_{2}^{*}, Y_{2^{t}})$




$f,$ $b$ , $\infty$ . $X_{t}arrow\infty,$ $Y_{t}=0$ , (2.3a) $X_{t+1}arrow$
$\infty\cdot 0$ , . $X$ . $E_{00}$ . $E+0$





$X_{t+1}$ $=$ $fX_{t}\exp[-aY_{t}]$ (2.4a)
$Y_{t+1}$ $=$ $\epsilon X_{t}(1-\exp[-aY_{t}])\exp[-bY_{t}]$ (2.4b)
$\exp[-bY_{t}]$ , $b$ . , $E_{00}=(0,0),$ $E++=$
$( \frac{\log f}{a\epsilon(1-f^{-1})f^{-\frac{\iota,}{a}}},$
$\frac{\log f}{a})$ 2 , . (2.4) 2
.
2: : (X), : $(Y)$
1 2 , .
, . (2.3) ,
(2.4) . ,
$X$ , $Y$ .
3
, .
, . $X$ $Y$
, . $Y$ , $n$ , , ,
. $X$ $Y$ 1 , $n$ .
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(2.1) .
$X_{k+:+1}$ $=$ $fX_{k+i} \exp[-\frac{a}{n}Y_{k+t}]$ , $(i=0,1,2, \cdots , n-1)$ (3.1a)
$X_{k+n}$ $=$ $f^{n}X_{k}\exp[-aY_{k+n}]$ (3.1b)
$Y_{k+t+1}$ $=$ $Y_{k+:}$ , $(i=0,1,2, \cdots n-2)$ (3.1c)
$Y_{k+\mathfrak{n}}$ $=$
$\epsilon\sum^{\mathfrak{n}-1}X_{k+l}$ (1-exp $[- \frac{a}{n}Y_{k+l}]$ ) (3.1d)
$l=0$
, 2 $Ro=(0,0),$ $E++=$
( $\frac{f\log f}{a\epsilon(f-1)}$ , $\frac{n\log f}{a}$) . $x*$ $n$ , $Y^{*}$ $n$ . $f>$
$1$ , $Y^{*}$ $n$ . ,
, , $Y$ .
. $n$ ,
. Jacobi .
$J_{E++}=(\begin{array}{ll}A BC D\end{array})$ .
$A,$ $B,$ $C$ $D$ $n$ , .
$A=(f \exp[-\frac{a}{n}Y^{t}]00$ $f \exp[-\frac{a}{n}Y’]00$
:
$f \exp[-\frac{a}{n}Y^{\cdot}]00)$
$B=\{\begin{array}{llll}-\frac{a}{n}X\cdot 0 00 -\frac{a}{n}X^{t} 0\vdots \vdots \ddots \vdots 0 0 -\frac{a}{n}X^{*}\end{array}\}$
$\dot{C}=(\begin{array}{llll}\ddots 0 0 0 |\ddots | | 0 \ddots 0 0\epsilon\{l- exp[-\frac{a}{n}Y^{2}]\} \epsilon\{l-exp[-\frac{a}{n}Y\cdot]\}\end{array})$
$D=\{\begin{array}{llll}\ddots 1 0 0 \vdots\ddots \vdots \vdots 0 \ddots l 0\frac{a\epsilon}{n}X^{*} exp[-\frac{a}{n}Y^{t}] \frac{a\epsilon}{n}X\cdotexp[-\frac{a}{n}Y\cdot]\end{array}\}$ .
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3:(3.1) . $n=2,$ $f=3.0,$ $a=0.5,$ $b=0.5,$ $\epsilon=2.0$ .
JaOObi ,
$(1- \lambda)^{2n-1}\{\frac{\log f}{n(f-1)}-\lambda\}=0$
. log $f>n(f-1)$ ,
. $f>1,$ $n$ , .
$n$ , Jacobi .
$I_{E++}=( \epsilon n(1-1\frac{1}{f})$ $- \frac{f}{\frac{\epsilon(f_{1}-}{f-1}1)}\log f\log f)$
(2.1) , 2 1 $n$ .
(2.1) , $f>1$ , . $n$ ,
. $n$ ,
.














4: (3.2) . $f=3.0,$ $a=0.5,$ $b=0.6,$ $\epsilon=2.0$ .
(2.3) B\’edington et al. [1] .
$X_{k+i+1}$ $=$ $fX_{k+:} \exp[-bX_{k+i}]\exp[-\frac{a}{n}Y_{k+:}]$ , $(i=0,1,2, \cdots , n-1)$ (3.2a)
$X_{k+n}$ $=$ $f^{\mathfrak{n}}X_{k} \exp[-b\sum_{1-0}^{n-1}X_{k+n}]\exp[-aY_{k+n}]$ (3.2b)
$Y_{k+j+1}$ $=$ $Y_{k+:}$ , $(i=0,1,2, \cdots , n-2)$ (3.2c)
$Y_{k+n}$ $=$ $\epsilon\sum_{l=0}^{\mathfrak{n}-1}X_{k+l}(1-\exp[-\frac{a}{n}Y_{k+l}])$ (3.2d)
$(X^{*}, Y^{*})$ ,
$X^{t}= \frac{\log f-aY/n}{b}$ , $X= \frac{Y^{l}}{\epsilon n(1-\exp[-aY^{l}/n])}$
, log $f/b>1/a\epsilon$ , (2.3) . (3.2)






$X_{k+:+1}$ $=$ $f^{1/n}X_{k+i} \exp[-\frac{a}{n}Y_{k+i}]$ , $(i=0,1,2, \cdots , n-1)$ (3.3a)
$X_{k+\mathfrak{n}}$ $=$ $fX_{k}\exp[-aY_{k+\mathfrak{n}}]$ (3.3b)
$Y_{k+:+1}$ $=$ $Y_{k+i}$ , $(i=0,1,2, \cdots,n-2)$ (3.3c)
$Y_{k+\mathfrak{n}}$ $=$ $\epsilon\sum_{l=0}^{n-1}X_{k+l}(1-\exp[-\frac{a}{n}Y_{k+t}])$ (3.3d)
, 2 $R$)$0=(0,0),$ $E++=( \frac{\log f}{a\epsilon(1-f^{-1/\mathfrak{n}})},$ $\frac{\log f}{a})$
. $Y^{t}$ , $X^{5}$ $n$ , $n$ .
, , , $X$ .
$X^{\cdot}$ $n$ , $Y$ $n$ . . $n$
Jaoobi .
$J_{E+*}=(_{en(1-\frac{1}{f^{1/n}})}1$ $- \frac{f^{\iota/n}}{\frac{\epsilon(f^{1/n}-1}{f^{1/n}-1}1)}\log f\log f)$
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5:(3.4) . $f=4.0,$ $a=0.5,$ $b=0.5,$ $\epsilon=2.0$.






$X_{k+i+1}$ $=$ $f^{1/n}X_{k+i}$ exp $[-bX_{k+i}]$ exp $[- \frac{a}{n}Y_{k+:}]$ , $(i=0,1,2, \cdots , n-1)$ (3.4a)
$X_{k+n}$ $=$ $fX_{k}$ exp $[-b \sum_{l=0}^{n-1}X_{k+n}]\exp[-aY_{k+\mathfrak{n}}]$ (3.4b)
$Y_{k+i+1}$ $=$ $Y_{k+t}$ , $(i=0,1,2, \cdots, n-2)$ (3.&)
$Y_{k+n}$ $=$ $\epsilon\sum_{l-0}^{n-1}X_{k+l}(1-\exp[-\frac{a}{n}Y_{k+/])}.$ (3.4d)
1 , , $f$
. (X’, $Y^{r}$ ) ,
$nX^{*}\{b+a\epsilon(1-f^{-1/\mathfrak{n}}\exp[bX^{\cdot}]\}=\log f,$ $Y”=\frac{\epsilon}{b}(\log f-aY^{r})(1-\exp[-\frac{aY}{n}])$ .















1 (3.1),(3.2), (2.4) ,
$X$ , $Y$ , . (3.3) ,
$X$ , $Y$ , .
. (3.4) , $X$ ,
$Y$ , .
4 3 : Cascading
2 . 3 . 3 Cascading
. 2 , ,
.
6: $Ca8cading$ : $X$ , $Y$ . $Y$
, $X$ , $Y$ $X$ . $Z$ ,
$Z$ $Y$ .
4.1
6 $Nichol\epsilon on$-Bailey , 5.
$X_{k+1}$ $=$ $f_{1}X_{k}\exp[-aY_{k}]$ (4.1a)
$Y_{k+1}$ $=$ $f_{2}Y_{k}\exp[-cZ_{k}]+\epsilon_{1}X_{k}(1-\exp[-aY_{k}])$ (4.1b)
$Z_{k+1}$ $=$ $\epsilon_{2}Y_{k}(1-\exp[-cZ_{k}])$ (4.1c)
4 . $E_{00}=(0,0,0),$ $E 0++=(0,\frac{\log f_{2}f_{2}}{\epsilon_{2}c(f_{2}-1)},$ $\frac{\log f_{2}}{c})$ ,
$E_{++0}=( \frac{\log f_{1}f_{1}(f_{2}-1)}{\epsilon_{1}a(f_{1}-1)},$ $\frac{\log f_{1}}{a},0),$ $E+++=(X_{1}^{*}, Y_{1^{l}}, Zi)$ . (4.1) ,








$X_{k+1}$ $=$ $fiX_{k}$ exp$[-bX_{k}]\exp[-aY_{k}]$ (4.2a)
$Y_{k+1}$ $=$ $f_{2}Y_{k}\exp[-bY_{k}]\exp[-cZ_{k}]+\epsilon_{1}(1-\exp[-aY_{k}])X_{k}$ (4.2b)




2 3 , . ,
$X$ , $Y,$ $Z$ –; . (4.2)
, .
$X_{k+1}$ $=$ $f_{1}X_{k}\exp[-bX_{k}]$ exp $[- \frac{a}{n}Y_{k}]$ (4.3a)
.
$X_{k+n}$ $=$ $f_{1}^{n}X_{k}$ exp $[-b \sum_{l=0}^{\mathfrak{n}-1}X_{k+l}]\exp[-aY_{k}]$ (4.3b)
$Y_{k+1}$ $=$ $f_{2}Y_{k} \alpha p[-bY_{k}]\exp[-cZ_{k}]+\epsilon_{1}(1-\exp[-\frac{a}{n}Y_{k}])\sum_{l=0}^{n-1}X_{k+l}$ $(4.3c)$











$A=[a_{1j}]=(\begin{array}{lll}\pm\alpha_{11} \alpha_{12} 0-\alpha_{21} \pm\alpha_{22} \alpha_{23}0 -\alpha_{32} \pm\alpha_{33}\end{array})$
$f.- f.\sim\cdot\iota,$ $\alpha_{11}=|\frac{dX_{k+n}}{dX^{l}}|,$ $\alpha_{12}=|\frac{dX_{k+n}}{dX’}|,$ $\alpha_{21}=|\frac{dY_{k+n}}{dX^{s}}|,$ $\alpha_{22}=|\frac{dY_{k+1}}{dY^{5}}|,$ $\alpha_{23}=|\frac{dY_{k+1}}{dZ^{l}}|,$ $\alpha_{32}=|\frac{dZ_{k+1}}{dY^{l}}|$ ,
6 .
7 Lotka-Volterra , Nicholson-Bailey .
, .





$A^{-1}= \frac{1}{|A|}(\begin{array}{lll}? ? +? ? ?+ ? ?\end{array})$
8. $?$ . 3 3 , $|A|$
, $\alpha_{11},$ $\alpha_{22},$ $\alpha_{33}$ 1 .
, , $(sen\epsilon itIvity$
matrix) . Yodis [20] .
$S=-A^{-1}$
, 1 3 , 3 1 . $Z$
, $X$ . $X$ , $Z$ .
, $X$ $n$ . $n$
$X$ . $Z$ . ,
. , .
2. Cascading (4.3) ,





Nicholson-Bmiley , , ,
Lotka-Volterra ,




3 , Cascading ,
, . (X) ,
(X) , , $X$
. $Z$ . ,
.
8 $C=(\begin{array}{lll}a_{1} a_{2} asb\iota b_{2} b_{S}c_{1} c_{2} c_{3}\end{array})$ , $|C|\neq 0$ , .




(A) , (2.3) $E++$ .
.
$X_{2^{l}}= \frac{Y_{2}}{\epsilon(1-exP[-aY_{2}^{l}])}$ $Y_{2}= \frac{\log f-aY_{2}}{b}$ (A.1)
7 .





$\lim_{y\wedge 0}[\frac{y}{\epsilon(1-\exp[-ay])}-\frac{\log f-ay}{b}]$ , $=$ $\frac{1}{a\epsilon}-\frac{\log f}{b}$
$\lim_{yarrow\infty}[\frac{y}{\epsilon(1-\exp[-ay])}-\frac{\log f-ay}{b}]$ $=$ $\infty$
.
(A 1) 2 , $\log f/b>1/a\epsilon$ ($x$ ,
1 .
(2.3) $Eoo=(0,0),$ $E+0=(Xi,0),$ $E_{++}=(X_{\dot{2}}, Y_{2}^{*})$ 3 .
$(0,0)$ . $(0,0)$ Joobi ,
$J(0,0)=(\begin{array}{ll}f 00 0\end{array})$
. $f<1$ , . $(Xi,0)$ .
$(X^{\cdot}, 0)$ $Ja\infty bi$ ,
$J(Xi,0)=(1-\log f0$ $\frac{-\frac{a\log f}{1_{0}^{b}gf}\epsilon a}{b})$
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$b$
8: (X;, $Y_{2}$ ) . I: , II: , III: . $a=2$ ,
$\epsilon=1$ .
$(Xi,0)$ , $0<\log f<2$ $0<\log f<b/(\epsilon a)$ $(Xi,0)$
.
Sdmr-Cohn [13] , $(X_{2}^{l}, Y_{2}^{*})$ . (X;, $Y_{2}^{\cdot}$ )
$Ja\infty bi$ ,
$J(X_{2}^{\cdot}, Y_{2}^{l})=(\begin{array}{ll}l-bX_{2}^{t} -aX_{2^{t}}\epsilon(l-exp[-aY_{2^{l}}]) a\epsilon exp[-aY_{2^{l}}]X_{2}^{l}\end{array})$
. $\lambda_{1}$ $\lambda_{2}$ $P(\lambda)=0$ .
$P(\lambda)=\lambda^{2}-$ ( $1$ -log $f+a\epsilon X_{2}^{s}$ ) $\lambda+X_{2}^{*}$ { $a\epsilon+b$ log $f-(b+a\epsilon)bX_{2}^{*}$ }
. $z$ .
$P( \frac{z+1}{z-1})=0$
&h\pi -Coh [13] , $z_{1}$ $z_{2}$ $Re(z_{1})<0(i=1,2)$ , (X;, $Y_{2^{2}}$ )
. (X;, $Y_{2}^{*}$ ) , 3
.
log $f+b$ log $fX_{2}^{*}-(b+a\epsilon)bX_{\dot{2}}^{2}$ $>$ $0$ $(A.2a)$
1-($a\epsilon+b$ log $f$ ) $X_{2}^{*}+(b+a\epsilon)bX_{2}^{2}$ $>$ $0$ $(A.2b)$
$2$ -log $f+$ ($2a\epsilon+b$ log $f$ ) $X_{\dot{2}}-(b+a\epsilon)bX_{2}^{*2}$ $>$ $0$ $(A.2c)$
(X;, $Y_{2}^{\cdot}$ ) ( 8).
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